Objectives: To study depressive symptoms in preclinical presenilin-1 (PS1) related Alzheimer's disease. Methods: Participants were 33 Mexican women at risk for inheriting PS1 mutations who were not demented. They were interviewed, underwent cognitive testing, and completed the Beck depression inventory (BDI). PS1 mutation status was determined. Mean BDI scores were compared between PS1 mutation carriers and non-carriers. The percentage of subjects who reported seeing a psychiatric professional, and the percentage complaining of memory loss were compared between groups. Regression analysis was used to determine whether mutation status predicted BDI scores after adjusting for age, education, mini-mental state examination, and subjective memory function. Results: PS1 mutation carriers (n = 17) scored significantly higher than non-carriers (n = 16) on the BDI (mean score, 14.4 v 6.5, p = 0.017); 24% of mutation carriers and 12.5% of non-carriers admitted having sought help from a psychiatric professional (NS). Mutation status remained a significant predictor of BDI scores after adjusting for potential covariates. Though not demented, mutation carriers tended to score lower than non-carriers on several neuropsychological tests. Conclusions: Depressive symptoms can occur early in the course of PS1 related Alzheimer's disease, at least in women. This supports the hypothesis that depression may occur as a direct result of the neuropathology underlying Alzheimer's disease.
D epression is common in Alzheimer's disease 1 and can be an early or even prodromal symptom. 2 3 As the neuropathology of Alzheimer's disease can precede symptoms by decades, 4 5 early mood changes may represent a direct manifestation of this pathology. The relation between depression and incipient dementia, however, is complex and difficult to study. Knowing who will and will not develop Alzheimer's disease would help us establish early behavioural changes occurring in this disorder. Families in whom Alzheimer's disease is inherited owing to identifiable mutations in the presenilin-1 (PS1) gene provide such an opportunity.
Retrospective case-control 2 6-9 and prospective studies 2 3 6 8-11 indicate an association between depression and the subsequent increased risk of dementia. Though these findings may be interpreted as suggesting that depression is a sign of incipient dementia, they could also indicate that it occurs as a reaction to cognitive decline, is a risk factor or a surrogate marker for a risk factor for Alzheimer's disease, or decreases the threshold for the manifestation of Alzheimer symptoms. By studying persons with pathogenic mutations in the PS1 gene in the preclinical phase we may control for many of these variables. Observations in families in which Alzheimer's disease is inherited as a genetic trait [12] [13] [14] [15] [16] have suggested that depression occurs often and may appear before cognitive symptoms. However, mood changes in preclinical carriers of determinant mutations have not been studied systematically.
We undertook a cross sectional study examining the effect of PS1 mutations on mood by comparing scores on a self rated questionnaire of depressive symptoms between related mutation carriers and non-carriers unaware of their genetic status, who were in the preclinical phase of the illness.
METHODS

Subjects
Subjects were from 10 Mexican families featuring one of two distinct PS1 mutations. Nine of the 10 families have the same A431E substitution 17 in the PS1 protein. This mutation was associated with the neuropathology of Alzheimer's disease in another Mexican-American kindred. 18 As mutation carriers within these families all have the same dinucleotide repeat alleles flanking the PS1 gene, this probably represents a founder effect. 19 The 10th family has an unreported mutation causing an L235V substitution in PS1.
Neuropsychological testing had been undertaken on some subjects by CDO and YR, 20 who contacted them and their relatives for participation in the present study. In all, 70 subjects were examined. Subjects were excluded if they had functional loss as the result of cognitive decline (n = 8) or if their mini-mental state examination (MMSE) score was below 25 (n = 3). Subjects were also excluded if they were at or beyond the mean age of dementia diagnosis in their family. This was 43 years for the A431E mutation (excluding nine subjects) and 48 for the L235V mutation (excluding no subjects). Fifty subjects (33 female, 17 male) remained. Because of the relative paucity of male volunteers (none in family L235V) and the potential incomparability of Beck depression inventory (BDI) scores between male and female subjects, 21 we limited our analyses to women (33 subjects). Subjects were examined at the Instituto Nacional de Neurologia y Neurocirugia (INNN) in Mexico City or in their homes. Written informed consent was obtained from all the participants. During the consent process subjects were told that their blood would be tested for a mutation causing early onset Alzheimer's disease, which they were at a 50% chance of carrying, and that they would not be told the result. This protocol was approved by the institutional review boards at the University of California, Irvine, the INNN, and the Universidad de Guadalajara.
Cognitive testing
Subjects underwent an interview and a battery of Spanish cognitive tests 20 which included the BDI. 22 The interview also included questions regarding previous treatment by psychiatric professionals and about whether subjects felt they had problems with their memory or thinking.
Subjects completed the written form of the BDI. This is a standardised, validated, 22 self administered survey consisting of 21 questions, on each of which subjects rate their depressive symptoms. By totalling the score on each item, the BDI provides a measure of depression severity.
Blood was drawn for genetic testing at the time of these assessments. Investigators were thus blinded to the genetic status of subjects at the time of both administration and scoring of the BDI.
Genetic testing
The blood was sent to JM who isolated the genomic DNA. The presence or absence of the A431E mutation was determined by restriction fragment length polymorphism analysis, and the L235V mutation by sequencing of exon 8 of the PS1 gene.
Data analysis
All results were collected by the principal investigator (JR). Mutation carriers and non-carriers were compared with regard to mean age, years of education, BDI scores, and neuropsychological test scores by independent samples, separate variance t tests. The square root of BDI scores was used in analyses. Two way analysis of variance (ANOVA) was employed to study differences in BDI scores attributed to mutation status and PS1 mutation type.
A x 2 test was also used to compare the proportion of mutation carriers and non-carriers who answered yes when asked if they felt they had memory problems. Regression models were used to explore the interrelations of mutation status, subjective memory loss, age, education, and MMSE score.
RESULTS
The demographic characteristics of the study population are given in table 1. Mean age (30.8 v 29.1 years, p = 0.56) and years of education (11.6 v 12.5, p = 0.42) did not differ between PS1 mutation carriers (n = 17) and non-carriers (n = 16). When a probability (p) value of ,0.05 was used as a cut off, PS1 mutation carriers performed more poorly on the MMSE, trails making test part B (time), WMS associative learning subtest-immediate recall, and the Wechsler adult intelligence scale (WAIS) block design.
Mutation carriers scored significantly higher on the BDI than non-carriers (14.4 v 6.5, p = 0.017) (fig 1) . Thirty five per cent of mutation carriers and 25% of non-carriers had BDI scores above 12. Twenty four per cent of mutation carriers admitted to having sought help from a psychologist or psychiatrist, compared with 12.5% of non-carriers.
There were 22 subjects from families with the A431E mutation (12 carriers and 10 non-carriers) and 11 from the family with the L235V mutation (five carriers and six noncarriers). In families featuring the A431E mutation, the mean BDI score of the mutation carriers was 8.6, v 2.5 for noncarriers; for the family with the L235V mutation the mean score of the mutation carriers was 16.8, v 8.9 for non-carriers. Two way ANOVA indicated significant differences in mean BDI scores between mutation carriers and non-carriers (p = 0.022). Differences between the two types of mutation (L235V v A431E) almost reached significance (p = 0.054).
Fifty three per cent of mutation carriers had subjective memory problems, compared with 56% of non-carriers (p = 0.583). Adding mutation status (presence or absence) to a regression model with subjective memory problems as a predictor increased multiple R 2 from 0.07 to 0.25. When mutation status was added to a model including age, education, and MMSE as predictors, multiple R 2 increased from 0.04 to 0.19.
DISCUSSION
The results of our study are consistent with reports that depression occurs in at-risk members of families with early onset Alzheimer's disease. [12] [13] [14] [15] [16] We divided these subjects into those carrying and not carrying PS1 mutations and found that women with mutations had higher levels of depression as measured on the BDI. As subjects were unaware of their mutation status, and as this continued to be a strong predictor of BDI scores when the presence or absence of cognitive complaints was taken into account, it is unlikely that this represents reactive depression to perceived memory loss. It should be noted that both the PS1 mutation positive subjects with the highest scores on the BDI (42) scored 30/30 on the MMSE, denied any cognitive decline, and were 8 and 23 years younger than the mean age of Alzheimer's disease diagnosis in their families. The BDI is often used to measure depression and has been translated into various languages and validated in many cultures. 22 A drawback of its use in Alzheimer's disease is that, as a self rated scale, it may underestimate depression because of the loss of insight that occurs in this illness. 23 However, impaired awareness of one's deficits increases as Alzheimer's disease advances 24 and we therefore feel that the BDI is a valid instrument for measuring depression in these presymptomatic or mildly affected subjects.
This population allows us to study the relation between levels of depression and the onset of cognitive decline. The PS1 mutation carriers in our study performed more poorly than average on several neuropsychological tests. Though some mutation carriers were therefore likely to be in the initial stages of cognitive decline, none had yet experienced deficits in social or occupational functioning and did not meet criteria for dementia.
Our population, in which subjects are at a 50% risk of carrying a mutation determinant for Alzheimer's disease, has the advantage of allowing the relation between depression and early Alzheimer's disease to be studied in a relatively small number of subjects who are well matched for socioeconomic variables. In addition, studying younger subjects controls for confounding factors such as concurrent medical illness and uncertainty over the pathological substrate of the dementing illness. On the other hand, the generalisability of the results of our study is limited by the unique nature of the population. In particular, there are some clinical differences between PS1 related Alzheimer's disease and sporadic late onset Alzheimer's disease. The study does, however, provide additional evidence that depression can be an early symptom heralding the onset of Alzheimer's disease.
